Background: Osteoarthritis (OA) is a major musculoskeletal disease with high prevalence in the elderly. The study of genetic polymorphisms of inflammatory mediators involved in OA may contribute to the elucidation of the complex pathophysiology of this disease and identification of susceptibility individuals. Aim: This study aimed to evaluate the association between polymorphism at tumor necrosis factor alpha gene (SNP -308 G/A TNFA) with presence, severity and functional status of osteoarthritis in elderly. Methods: This study was characterized as case-control and encompassed 257 physically independent elderly (Mean Age: 68.55 ± 5.2; Minimum age: 60 and Maximum age: 82) were recruited. After this selection, the groups were divided in: 92 elderly individuals with osteoarthritis (case group) and 165 without the disease (control group). Methods: The individuals were genotyped by the TaqMan real-time PCR system. The subjects were classified based on the degree of radiological impairment according to the criteria of Kellgren-Laurence and regarding functional impairment using the WOMAC and LEQUESNE questionnaires. Results: TNFA gene polymorphic individuals (subjects harboring allele A) are more affected by OA (χ 2 = 8.7, p = 0.003), once they have major radiological lesion both in hip (Fisher-Freeman-Halton Test = 3.9, p = 0.04) and knee (FisherFreeman-Halton Test = 4.0, p = 0.04) as well as worse functional status assessed by the Lequesne questionnaire (MannWhitney, p = 0.04). At the multivariate analysis, after adjustment for age, gender, body mass index, the presence of rare allele for TNFA (allele A) increases the susceptibility to OA development [OR: 1.87 (95% CI: 1.1-3.2)]. Conclusion: We conclude that the SNP − 308 G/A of TNFA gene may affect osteoarthritis susceptibility, severity and functional status of individuals with osteoarthritis.
Introduction
Osteoarthritis (OA) is the most prevalent osteomuscular disease as well as the most common form of arthritis. It mainly affects elderly individuals, being a significant cause of limitations and incapacities at this population [1, 2] . It is characterized by chronic and progressive loss of articular cartilage components due to an imbalance between destruction and repair of the extracellular matrix, accompanied by changes in the synovium and subchondral bone [3, 4] . Although OA globally affects all joint tissues, cartilage destruction is the final pathway of the disease [1] . Clinically, it focuses mainly on the joints of the hips and knees, being followed with pain, sweling, loss of strength and atrophy of the periarticular muscles, inability to gait and reduced physical activity, representing major social burden and high costs to the health system [5] [6] [7] .
While inflammatory mechanisms are not fully understood, they play an important role in OA. The inflammation usually results from biomechanical stress, changes in chondrocyte function related to the aging process, and dysregulation of inflammatory cytokine activity [8, 9] . Chronic inflammation involves the production of mediators that are present in the synovial fluid, induce cartilage breakdown and hyperalgesia. Among the main mediators is tumor necrosis factor alpha (TNF-A), called proinflammatory cytokine, which play a central role in the pathophysiology of OA [10] . It is produced by chondrocytes, mononuclear cells, osteoblasts and synovial tissue, and act synergistically regulate the synthesis of components of the extracellular matrix by inhibiting the anabolic activity, and stimulation of production and release of catabolic inflammatory factors [11] .
In OA, the chondrocyte is the cellular target of the action of this cytokine, whose receptors, TNFRI and TNFRII, are mainly in the cells of the joint surface [12] . TNF induce the synthesis of inflammatory factors, and enzymes such as nitric oxide, nitric oxide synthase, prostaglandin E 2 , and cyclooxygenase-2, among others. Also increase the expression of metalloproteinases, which are proteolytic enzymes that destroy cartilage matrix as well as stimulate the production of other mediators such as interleukin-6 (IL-6) [12] [13] [14] [15] [16] . At the same time, suppress the anabolic activity of chondrocytes through the inhibition of proteoglycan and collagen type II [17] .
Genetic factors are important in the etiology of OA. The single nucleotide polymorphisms (SNP) are an important object of study in understanding the complex mechanisms involved in the genesis and progression of OA. The TNF gene is located on 6p21, and a major polymorphisms involved in OA is the position -308 of the promoter region, with exchange of guanine for adenine (− 308 G/A; rs1800629). Several studies have shown that this polymorphism increase the genetic expression of this cytokine, related to higher prevalence of OA [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, there is lack of information regarding a possible relationship between this genetic background and severity and functional status in elderly with OA.
The possibility of identifying individuals with increased susceptibility or lower predisposition to develop the disease has the potential to define preventive and therapeutic actions as early as possible with better clinical outcomes. Moreover, inflammatory mediators, such as TNF-alpha may represent future therapeutic targets in osteoarthritis. Thus, the aim was to study the polymorphism − 308 G/A of TNFA relating to the presence and severity of OA in the elderly.
Materials and methods

Study design and population
This case-control study comprised a sample from the project EELO (Study on Aging and Longevity), which was approved by the Ethics Committee of the UNOPAR (PP/0026/2013). All individuals have signed a written consent before any methodological procedure.
The inclusion criteria for the study were: being elderly (aged over 60 years), have OA of the hip and/or knee, confirmed by radiographic examination performed by medical specialist (case group) or being elderly with no clinical signs of osteoarthritis (control group). The control group was matched with case group considering gender and age.
The exclusion criteria for both groups were: having other rheumatic diseases, advanced osteoporosis, hip replacement or knee, corticosteroid use, sequelae of stroke or Parkinson's disease.
Analysis of genetic polymorphism of TNFA Blood samples collect and DNA extraction From each patient, 5 ml of peripheral blood were collected by venule puncture. Blood samples were stored at − 80°C. DNA extraction was performed by using the kit PureLink -Invitrogen according to the manufacturer's instructions.
The evaluation of the purity and concentration of DNA was performed by analysis of absorbance in a spectrophotometer (NanoDrop ND-2000 -Thermo Scientific) at 260 nm and 280 nm. Subsequently, the DNA dilution was made in ultrapure Milli-Q® water to a final concentration of 30 ng/μL.
Analysis of the polymorphism in the TNFA gene by polymerase chain reaction in real time (RT-PCR)
For the SNP analysis of the TNFA gene, the polymorphism at position -308 G/A of TNF (rs1800629, assay ID: C_7514879_10) was chosen because it is a TAG SNP, with a perfect linkage disequilibrium with the other SNPs of the promoter region (− 238 G/A, rs361525; − 857 C/T, rs1799724; − 863 C/A, rs1800630; − 1031 T/C rs1799964) [27] , which means that these polymorphism are inherited simultaneously, which justifies to study only one of them.
The amplification technique of DNA fragments was performed by polymerase chain reaction (PCR) in real time by TaqMan system (Life technologies, Applied Biosystems, Foster City, USA).
The standard reaction contained 20 μL final volume of 10 μL with Genotyping TaqMan Master Mix (1x), 0,5 μL probe (1x) (Applied Biosystems, Foster City, USA) 7, 5 μL ultrapure Milli-Q® and 1 μL of DNA (30 ng/μL).
StepOne Plus thermocycler™ Real-Time PCR System (Applied Biosystems, Foster City, USA) with the following cycling used: 50 cycles of 60°C for 30 s, 95°C (pre denaturation), 95°C for 10 min for initial denaturation for 15 s (denaturation) and 60°C for 1 min and 30 s (primer annealing) and a final extension cycle of 30 s at 60°C. The evaluation of the results was performed by the StepOne Software v2.3.
Assessment of the severity of osteoarthritis
Individuals in the case group were asked to perform an X-ray of the affected joint. All radiographs were analyzed by a radiologist, being useful not just to confirm the disease diagnosis but also to classify the disease severity using the criteria described by Kellgren and Lawrence [28] where the severity of osteoarthritis may be determined concerning radiographic findings as follows: Grade 0 -no radiographic changes; Grade I -doubtful space narrowing and possible marginal osteophytes; Grade II -possible joint space narrowing and defined osteophytes observed; Grade III -defined joint space narrowing, moderate multiple osteophytes, subchondral sclerosis and any possible deformity of bone contour and grade IV -remarkable joint space narrowing, severe subchondral sclerosis, definite deformity of bone contour and presence of large osteophytes [28] .
Based on these criteria, the groups were re-categorized into two groups: with mild to moderate (grades I and II) radiographic changes and severe changes (grade III and IV).
Evaluation of functionality related to osteoarthritis
In order to assess the functional status of these patients, both Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and LEQUESNE Index were used.
The WOMAC questionnaire was previously translated and validated to the Portuguese language and nowadays it is considered the gold standard for OA functional status evaluation according to the American College of Rheumatology. This questionnaire involves questions regarding pain, stiffness and function, where the highest score is the worst condition of the individual [29] . Additionally, the LEQUESNE Index was also used. This questionnaire was also translated to portuguese version and is recommended by the European League of Rheumatology (EULAR) to evaluate osteoarthritis functional status, comprising eleven questions involving pain, discomfort and functional limitation, specially related to functional status [30] .
Statistical analysis
The Statistical Package for Social Sciences 20.0 (SPSS, UK) was used for statistical data analysis, with a confidence interval of 95% and a significance level of 5% (p < 0.05) established for all tests used.
For quantitative variables, the Shapiro-Wilk test was used and data with normal distribution were presented by mean and standard deviation as the data without normal distribution were presented as median and interquartile range.
The Chi Square was used as to verify that the genotype frequencies were in Hardy-Weinberg equilibrium as well as to assess possible associations between the presence of polymorphisms in the TNF gene with the occurrence and severity of osteoarthritis.
Moreover, the Mann-Whitney test was used to compare the functional status measured by WOMAC questionnaire and LEQUESNE index of individual with different genotypes.
In order to assess the influence of genetic polymorphisms on osteoarthritis etiology, a multivariate model (Logistic Regression) was used, considering the following variables: age, gender, body mass index and polymorphism of TNF gene. At this analysis, the dependent variable was the occurrence of osteoarthritis in elderly.
Results
Sample characterization
In this case-control study, 257 elderly individuals were recruited, being 162 women (63.0%) and 95 men (37.0% The mean age of this sample was 68.55 ± 5.2 (Minimum age: 60 and Maximum age: 82). No difference was observed between the age of the case compared to the control group, according to Student t test (p = 0.26). Similarly, no difference was observed in body mass index when compared the case (median = 28.4, interquartile range = 5.6) and control group (median = 27.7, interquartile range = 7), according to the test Mann-Whitney test (p = 0.60).
Therefore, it may be assumed that the groups were similar considering age and body mass index.
Gene polymorphism of TNF and susceptibility to osteoarthritis and related functional status
The distribution of genotype frequencies are in accordance with Hardy-Weinberg equilibrium. Table 1 shows the distribution of genotypes and alleles for the polymorphism − 308 G/A of TNFA in patients with osteoarthritis and controls.
In healthy individuals, a greater proportion of GG genotype (67.9%) was found and the percentage of G and A alleles were 78.2 and 21.8%, respectively. For patients with osteoarthritis, the GG genotype was more frequent (53.3%) and the percentages of G and A alleles were 67.9 and 32.1% respectively. It was observed that individuals carrying the A allele have increased susceptibility to osteoarthritis (Chi square = 8.7, p = 0.003, Table 1 ). Thus, carriers of the A allele had twice the risk of developing osteoarthritis compared to individuals with the G allele (OR = 1.7, 95% CI: 1.13-2.54, p = 0.01).
An association between the presence of the polymorphism in the TNF gene and the severity of osteoarthritis assessed by radiographic lesions for both hip and knee osteoarthritis, according to Fisher-FreemanHalton Test (p = 0.04, Table 2 ).
Thus, we can estimate that individuals carrying the A allele have three times greater risk for serious radiological findings in cases of knee and hip osteoarthritis (OR = 2.92, 95% CI: 1.16-7.34; p = 0.03; OR = 3.2. 95% CI: 1.16-9.03; p = 0.04, respectively) when compared to individuals carrying the G allele.
Additionally, it was observed at the multivariate analysis that the gender and the polymorphism of TNFA gene were associated with osteoarthritis (Table 3) .
Regarding the functional status of elderly patients with osteoarthritis, it was observed that individuals carrying the A allele have a poorer functionality according to the LEQUESNE questionnaire (Mann-Whitney, p = 0.04), being this data shown in Fig. 1 . However, no differences between groups concerning the WOMAC questionnaire were observed (Mann-Whitney test, p > 0.05).
Discussion
OA is a progressive degenerative disease of the cartilage and articular structures, with important inflammatory component involved. Proinflammatory cytokines, such as TNF, are important mediators of this process by activating the production of metalloproteinases by chondrocytes, and stimulating the production of other proteins and cytokines, resulting in catabolic action and suppression of articular anabolism [16, 31] . The polymorphisms of these cytokine genes are studied in understanding the complex etiology and pathophysiology of OA, representing a potential tool for identifying risk for the disease, which can be useful in preventive and clinical management [21, 22, 24, [27] [28] [29] [30] [32] [33] [34] . In this study we assessmnent the polymorphism − 308 G/A TNF with the presence and severity of OA in the elderly.
The results showed significant correlation between the presence of the polymorphism and the presence of OA: individuals with polymorphic allele (GA and AA genotypes) have a higher incidence of the disease. Likewise, a significant association between the GA and AA genotypes and worse functional status (assessed by LEQUESNE questionnaire) when compared to homozygous (GG) individuals. However, similar results were not demonstrated through WOMAC questionnaire. One hypothesis that could explain this finding is that the LEQUESNE questionnaire has a higher profile assessment for the painful component when compared to the WOMAC questionnaire, which seems to have a closer relationship with the inflammatory component in question. Regarding the degree of radiological involvement, the SNP − 308 G/A has also meant a direct and significant association between the presence of the A allele and the severity of the lesions observed both hips and the knee radiographs. On the other hand, Sobhan et al. [35] in a case-control study followed by a meta-analysis, demonstrated that this polymorphism in question may not be associated with susceptibility of OA, as other authors complement, ratifying the lack of relationship between the − 308 SNP TNF and OA [32, 36] . In contrast, there are several studies with results agreeing with our data, where the presence of the A allele at position − 308 has a direct relation to the prevalence and severity of knee and hip OA [21, 22, 24, 25, 33, 37] , which is associated with a six-fold increase in transcriptional activity and higher levels of TNF-α protein [38, 39] . In this same sense, Chen et al. 2018 and Kou et al. 2014 in metaanalyzes, with 983 and 257 cases of AO and 1355 and 305 controls, respectively, found an association between the − 308 G / A polymorphism of TNF in relation to the higher risk of OA.
However, it is important to state that these studies have usual specific findings and none of them had evaluated the genetic polymorphism with presence and severity of OA as well as the functional status of the same individuals. In a different way, we showed a correlation of genetic background not only with osteoarthritis, but also with clinical features.
Nevertheless, one limitation of this study is the inability to classify patients in d into ethnic subgroups, due to the wide variability in the population sample. Another limitation is the lack of serum as synovial levels of cytokines. On the other hand, the study groups showed no differences in body mass index, which excludes obesity bias, admittedly a predisposing factor for this disease [40, 41] . A possible explanation for all the results observed is that, in fact, polymorphism − 308 G/A of TNF may be related to a higher expression of TNFA. Due to the proinflammatory action of this cytokine, an increased secretion may lead to a shift of the metabolic balance in cartilage in favor of matrix loss, which may ultimately result in OA. In addition, TNFA appears to play a pivotal role in the imbalance between anabolic and catabolic process of OA patients. It can down-regulate the synthesis of major extracellular matrix components through the inhibition of the anabolic activity of chondrocytes [28] , stimulate bone resorption by osteoclastic activity and even induce cellular apoptosis [38] . The TNF also stimulates chondrocytes to release matrix metalloproteinases (MMPs), which have the ability to degradate cartilage matrix proteins [31] .
The SNP of TNF appears to have a causal relationship closer, but the lack of uniformity of the findings and conflicts observed in the literature may be due to factors related to ethnicity, gender or other yet unidentified. The multifactorial nature of OA makes it a condition of great complexity. Although this genetic predisposition has not yet been fully understood [42] , polymorphisms are undoubtedly one of the factors involved in the genesis and progression of OA. Therefore, this study contributed to elucidate the complex mechanisms involved in genetic background of OA.
Conclusion
The results of this study demonstrate that the A allele of the TNF gene is associated with the predisposition of osteoarthritis and plays a role in the etiology, functionality and severity of hip and knee OA in the elderly.
